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incorporated 



SMD25N05-45L 



N-Channel Enhancement Mode Transistor 
Logic Level 



PRODUCT SUMMARY 



V (BR)DSS 
(V) 


•DS(ON) 

(fi) 


Id 

(A) 1 


50 


0.045 


25 



D-PAK 
(TO-252) 




1 GATE 

2 DRAIN (TAB) 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v G s 


±20 


V 


Continuous Drain Current 


T A = 25°C 


Id 


5.0 


A 


T A = 100°C 


3.1 


Pulsed Drain Current 2 


■dm 


100 


Avalanche Current 


'ar 


25 


Repetitive Avalanche Energy 3 


L = 0.1 mH 


Ear 


31 


mJ 


Power Dissipation 


T c = 25 °C 


Pd 


50 


W 


T A = 25°C 


2 


Operating Junction & Storage Temperature Range 


T J. T stg 


-55 to 150 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 



THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


RthJC 




2.5 


K/W 


Junction-to-Ambient 


R thJA 




60 


Case-to-Sink 


R thCS 


1.0 





Calculated rating for T c = 25°C for comparison purposes only. This cannot be used as continuous rating (see absolute maximum 
ratings and Figures 9, 10, 11). 

2 Pulse width limited by maximum junction temperature. 

3 Duty cycle < 1%. 
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LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V(BR)DSS 


Vqs = V. I D = 250 |lA 




50 




V 


Gate Threshold Voltage 


VGS(th) 


Vds = V GS , l D = 1 mA 


1.8 


1.0 


3.0 




Gate-Body Leakage 


Igss 


V DS = 0V,V GS = ±20 V 






±500 


nA 


Zero Gate Voltage Drain Current 


tass 


V DS = 0.8xV (BR)D ss.V GS = 0V 






25 


u.A 






V DS = 0.8xV ( br )D ss.V G s = OV.Tj = 125°C 






250 




On-State Drain Current 1 


b(ON) 


V DS = 2V,V GS = 10 V 




25 




A 






V GS = 10 V, l D = 12.5 A 


0.035 




0.045 




Drain-Source On-State Resistance 1 


r DS(ON) 


V GS = 10 V, b = 12.5 A, Tj = 125°C 


0.60 






n 






V GS = 5 V l D = 12.5 A 


0.045 




0.070 




Forward Transconductance 1 


9fs 


V DS = 15 V, l D = 12.5 A 


16 






S 


DYNAMIC 


Input Capacitance 


C|ss 




800 








Output Capacitance 


Coss 


V GS = V V DS = 25 V, f = 1 MHz 


320 






PF 


Reverse Transfer Capacitance 


Crss 




90 








Total Gate Charge 2 


Qg 




27 








Gate-Source Charge 2 


Qgs 


V DS = 0.5xV, BR)DSS ,V GS = 10 V l D = 25 A 


6 






nC 


Gate-Drain Charge 2 


Ogd 




8 








Turn-On Delay Time 2 


td{on) 




8 




20 




Rise Time 2 


tr 


V DD = 25 V, R L = 1 n, 


20 




40 


ns 


Turn-Off Delay Time 2 


td(off) 


l D ^ 25 A, V GEN = 10 V, R G = 7.5 fl 


35 




60 




Fall Time 2 


tf 




20 




40 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








25 


A 


Pulsed Current 3 


Ism 








100 




Forward Voltage 1 


V SD 


If = Is. V GS = V 


1.0 




1.8 


V 


Reverse Recovery Time 


trr 




90 






ns 


Peak Reverse Recovery Current 


'rM(REC) 


l F = | s , dl F /dt = 100 A/U.S 








A 


Reverse Recovery Charge 


Orr 










uC 



1 Pulse test: Pulse Width < 300 u.sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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PrGliiminsry 
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.J-W incorporated 



SMD25N05-45L 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 





Figure 5. Capacitance 



Figure 6. Gate Charge 
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SMD25N05-45L 



CT'Siliconix 

*M-m incorporated 



TYPICAL CHARACTERISTICS (Cont'd) 




Figure 9. Maximum Drain Current vs. 
Case Temperature 
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Figure 10. Safe Operating Area 

"i — r 
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T c - CASE TEMPERATURE (°C) 
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V SD - SOURCE-TO-DRAIN VOLTAGE (V) 
1 0peration in this area may be limited by r DS ( 0n) 

Figure 11. Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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Preliminary 



Siliconix 

incorporated 



SMP25N05-45L 



N-Channel Enhancement Mode Transistor 
175°C Maximum Junction Temperature 
Logic Level 



TO-220AB 



TOP VIEW 



PRODUCT SUMMARY 



V (BR)DSS 




■d 

(A) 


50 


0.045 


25 




o 



1 GATE 

2 DRAIN (Connected to TAB) 

3 SOURCE 



1 2 3 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


V G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


25 






T c = 100°C 




16 


A 


Pulsed Drain Current 1 


'dm 


100 




Avalanche Current (See Figure 9) 


•ar 


25 




Repetitive Avalanche Energy 2 


L = 0.05 mH 


E AR 


31 


mJ 


Power Dissipation 


T c = 25°C 


P D 


70 


W 




T c = 100°C 




36 




Operating Junction & Storage Temperature Range 


Tj. T stg 


-55 to 175 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 





THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


R thJC 




2.08 


K/W 


Junction-to-Ambient 


R thJA 




80 


Case-to-Sink 


R thCS 


1.0 





1 Pulse width limited by maximum junction temperature. 

2 Duty cycle < 1%. ___ 
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SMP25N05-45L .BTiSSHSS 



ELECTRICAL CHARACTERISTICS (Tj = 25°C Unless Otherwise Noted) 










LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V(BR)DSS 


V GS = V, l D = 250 U.A 




50 




V 


Gate Threshold Voltage 


V GS(th) 


V D s = V GS , l D m 1 mA 


1.8 


1.0 


3.0 




Gate-Body Leakage 


Igss 


V DS = 0VV GS = ±20 V 






±500 


nA 












25 




Zero Gate Voltage Drain Current 


loss 









250 


u.A 






V DS = 0.8 x V (BR)DSS , V GS = OV.Tj = 175°C 






500 




On-State Drain Current 1 


ta(ON) 


V DS = 2VV GS = 10 V 




25 




A 






V GS = 10 V, b = 12.5 A 


0.035 




0.045 




Drain-Source On-State Resistance 1 


r DS(ON) 


V GS = 10 V, l D = 12.5 A, Tj = 125°C 


0.060 




0.080 


n 






V GS = 5 V, l D = 12.5 A 


0.045 




0.070 








V GS = 10 V l D = 12.5 A, Tj = 175°C 


0.062 




0.085 




Forward Transconductance 1 


9fs 


V DS = 15 V, l D = 12.5 A 


16 






s 


DYNAMIC 


Input Capacitance 


C| SS 




800 








Output Capacitance 


Coss 


V GS = V V DS = 25 V f = 1 MHz 


320 






PF 


Reverse Transfer Capacitance 


Cres 




90 








Total Gate Charge 2 


Qg 




27 








Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (BR)DSSi V GS = 10 V l D = 25 A 


6 






nC 


Gate-Drain Charge 2 


Ogd 




8 








Turn-On Delay Time 2 


td(on) 




8 




20 




Rise Time 2 


tr 


V DD = 25 V, R L = 1 CI 


20 




40 


ns 


Turn-Off Delay Time 2 


td(off) 


l D ~ 25 A, V GEN = 10 V, R G = 7.5 fl 


35 




60 




Fall Time 2 


tf 




20 




40 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








25 


A 


Pulsed Current 3 


Ism 








100 




Forward Voltage 1 


V SD 


If = Is. V GS = V 


1.0 




1.8 


V 


Reverse Recovery Time 


trr 




90 






ns 


Peak Reverse Recovery Time 


IRM(REC) 


l F = l s , dl F /dt = 100 A/U.S 








A 


Reverse Recovery Charge 


Qrr 










U.C 



1 Pulse test: Pulse Width < 300 p.sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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Preliminary 



incorporated 



SMP25N05-45L 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1. Output Characteristics 



Figure 2. Transfer Characteristics 
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Figure 3. Transconductance 



Figure 4. On-Resistance 
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Figure 5. Capacitance 



Figure 6. Gate Charge 
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S MP25N 05-45 L ^£S™ d 



TYPICAL CHARACTERISTICS (Cont'd) 



Figure 7. On-Resistance vs. Junction Temperature 



Figure 8. Source-Drain Diode Forward Voltage 
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THERMAL RATINGS 
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Figure 9. Maximum Drain Current vs. 
Case Temperature 
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Figure 10. Safe Operating Area 
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Figure 11. Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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Rev. B: 4/1/91 



Preliminary 



SMP50N06-25 



N-Channel Enhancement Mode Transistor 
175°C Maximum Junction Temperature 1 
25 milli ohm r DS (ON) 



PRODUCT SUMMARY 



V(BR)DSS 
(V) 


r DS(ON) 

(£1) 


Id 

(A) 


60 


0.025 


46 



TO-220AB 



TOP VIEW 




o 



1 GATE 

2 DRAIN (Connected to TAB) 

3 SOURCE 



1 2 3 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


46 






T C = 100°C 




32 


A 


Pulsed Drain Current 2 


'dm 


200 




Avalanche Current 


Iar 


46 




Avalanche Energy 


L = 0.1 mH 


Eas 


125 


mJ 


Repetitive Avalanche Energy 3 


L = 0.05 mH 


E AR 


62.5 




Power Dissipation 


T c = 25°C 


P D 


105 


W 




T c = 100°C 




53 




Operating Junction & Storage Temperature Range 


T J. T stg 


-55 to 175 1 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 





THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


RthJC 




1.4 


K/W 


Junction-to-Ambient 


RthJA 




80 


Case-to-Sink 


R thCS 


1.0 





1 Applies to datecode 91 18 and higher. 

2 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 
3 Duty cycle < 1%. 



Rev. B (4/1/91) - Applies to datecode 91 18 and higher 



9 

























LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltaae 


V{BR)DSS 


V GS — u V, Iq = ^OU JJLA 




60 




v 


Gate Threshold Voltage 


V GS(th) 


v ds = v gs. b = 1 mA 




2.0 


4.0 




Gate-Body Leakage 


bss 


V DS = OV, V GS = ±20 V 






±500 


nA 






V DS = 0.8 x V (B r)dss. V G s = V 






25 




t.ciu ualc vuiictyc ljiciiii wuneiii 


'DSS 


V DS u -° A V (BR)DSS> V GS u v > 'J ^ 






i-OU 


uA 






V DS = 0.8 x V( BR)DSS , V GS = V, Tj = 175°C 






500 




On-State Drain Current^ 


'D(ON) 


Vnc = 10 V V-c = 10 V 
"Do ,u ¥ GS ,w " 




50 




A 






V GS = 10V, l D = 25 A 


0.020 




0.025 




Drain-Source On-State Resistance 1 


r DS(ON) 


V GS = 10 V, l D = 25 A, Tj = 125°C 


0.033 




0.042 


n 






V GS = 10 V. I D = 25 A, Tj = 175°C 


0.043 




0.0525 




Forward Transconductance 1 


9fs 


V DS = 15 V, l D = 25 A 


20 






s 


DYNAMIC 


Input Capacitance 


C|ss 




2000 








Output Capacitance 


Coss 


V GS = V, V DS = 25 V, f = 1 MHz 


570 






PF 


Reverse Transfer Capacitance 


Cres 




120 








Total Gate Charge 2 


°g 




55 




80 




Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (BR)DSS , V GS = 10 V, l D = 50 A 


9 




15 


nC 


Gate-Drain Charge 2 


Qgd 




24 




40 




Turn-On Delay Time 2 


td(on) 




15 




30 




Rise Time 2 


tr 


V DD = 30 V, R L = 0.6 n 


20 




35 


ns 


Turn-Off Delay Time 2 


tdfoff) 


l D 50 A, V GEN = 10 V, R G = 2.5 CI 


40 




65 




Fall Time 2 






15 




30 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








46 


A 


Pulsed Current 3 


Ism 








200 




Forward Voltage 1 


V SD 


If = Is. V GS = V 






2.0 


V 


Reverse Recovery Time 


V 




130 






ns 


Peak Reverse Recovery Current 


IRM(REC) 


l F = l s , dlp/dt = 100 A/u.s 


10 






A 


Reverse Recovery Charge 


Qrr 




0.7 






uC 



1 Pulse test: Pulse Width < 300 u.sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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Rev. B (4/1/91) - Applies to datecode 9118 and higher 



incorporated 



SMP50N06-25 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1 . Output Characteristics 



Figure 2. Transfer Characteristics 
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Figure 3. Transconductance 



Figure 4. On-Resistance 
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Figure 5. Capacitance 



Figure 6. Gate Charge 
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Rev. B (4/1/91) - Applies to datecode 9118 and higher 
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SMP50N06-25 .BTSBSSSS 



TYPICAL CHARACTERISTICS (Cont'd) 



Figure 7. On-Resistance vs. Junction Temperature Figure 8. Source-Drain Diode Forward Voltage 
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THERMAL RATINGS 



Figure 9. Maximum Avalanche and Drain 
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Figure 11. Normalized Effective Transient Thermal Impedance. Junction-to-Case 
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Rev. B (4/1/91) - Applies to datecode 9118 and higher 



SMP60N03-10L 



N-Channel Enhancement Mode Transistor 
10 milli ohm r DS(0N) Logic Level 



PRODUCT SUMMARY 



V(BR)DSS 
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r DS(ON) 

(fl) 


Id 
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30 
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60 



TO-220AB 




TOP VIEW 



o 



1 GATE 

2 DRAIN (Connected to TAB) 

3 SOURCE 



1 2 3 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v GS 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


60 


A 


T c = 100°C 


51 


Pulsed Drain Current 1 


'dm 


240 


Avalanche Current 


Iar 


60 


Avalanche Energy 


L = 0.1 mH 


Eas 


180 


mJ 


Repetitive Avalanche Energy 2 


L = 0.05 mH 


Ear 


90 


Power Dissipation 


T c = 25 °C 


Pd 


105 


W 


T c = 100°C 


42 


Operating Junction & Storage Temperature Range 


Tj, T st g 


-55 to 150 


°C 


Lead Temperature (Vie" from case for 10 sec.) 




300 



THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


R thJC 




1.2 


K/W 


Junction-to-Ambient 


R thJA 




80 


Case-to-Sink 


RthCS 


1.0 





1 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 
2 Duty cycle < 1%. 
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B*SSZX& SMP60N03-10L 



ELECTRICAL CHARACTERISTICS (Tj = 25 °C Unless Otherwise Noted) 










LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V(BR)DSS 


V GS = V, l D = 250 U.A 




30 




V 


Gate Threshold Voltage 


V GS(th) 


Vds = V GS . I D = 1 mA 




0.8 


3.0 




Gate-Body Leakage 


Igss 


V DS = 0V,V GS = ±20 V 






±500 


nA 


Zero Gate Voltage Drain Current 


bss 


V DS = 0.8 x V (BR)DSS , V GS = V 






25 








V DS = 0.8 x V (BR)DS s. V GS = OV.Tj = 125°C 






250 




On-State Drain Current 1 


Id(ON) 


V DS = 10 V, V GS = 10 V 




60 




A 






V GS = 10 V, l D = 30 A 


0.007 




0.010 




Drain-Source On-State Resistance 1 


IbS(ON) 


V GS = 5 V. I d = 30 A 


0.010 




0.015 


n 






V GS = 10 V, l D = 30 A, Tj = 125°C 


0.009 




0.014 




Forward Transconductance 1 


g* 


V DS = 15 V, l D = 30 A 


45 






s 


DYNAMIC 


Input Capacitance 


C|ss 




2600 








Output Capacitance 


Coss 


V GS = V, V DS = 25 V, f = 1 MHz 


1500 






PF 


Reverse Transfer Capacitance 


Crss 




750 








Total Gate Charge 2 


Qg 




100 




120 




Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (BR)DSS V GS = 10 V, l D = 60 A 


10 




15 


nC 


Gate-Drain Charge 2 


Qgd 




45 




75 




Turn-On Delay Time 2 


*d(on) 




14 




30 




Rise Time 2 


tr 


V DD = 30 V R L = 1 n 


25 




50 


ns 


Turn-Off Delay Time 2 


td(off) 


l D ~ 30 A, V GEN = 10 V R G = 2.5 ft 


65 




100 




Fall Time 2 


tf 




45 




80 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








60 


A 


Pulsed Current 3 


IsM 








240 




Forward Voltage 1 


V SD 


If = Is. V GS = V 






1.6 


V 


Reverse Recovery Time 


trr 




160 






ns 


Peak Reverse Recovery Current 


IrM(REC) 


l F = l & dl F /dt = 100A/U.S 


13 






A 


Reverse Recovery Charge 


Qrr 




1.0 






|tC 



1 Pulse test: Pulse Width < 300 u.sec, Duty Cycle < 2%. 
independent of operating temperature. 

3 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 
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Rev. A: 10/01/90 



CX'SiHconix 

JmM incorporated 



SMP60N03-10L 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1 . Output Characteristics Figure 2. Transfer Characteristics 
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Figure 5. Capacitance 
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Figure 6. Gate Charge 
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Figure 7. On-Resistance vs. Junction Temperature 
1.6 



Figure 8. Source-Drain Diode Forward Voltage 
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THERMAL RATINGS 



Figure 9. Maximum Drain Current vs. 
Case Temperature 



Figure 10. Safe Operating Area 
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Figure 11. Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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Rev. A: 10/01/90 



in 



SMP60N06-14 



N-Channel Enhancement Mode Transistor 
175°C Maximum Junction Temperature 1 



PRODUCT SUMMARY 



V (BR)DSS 
(V) 


r DS(ON) 

(n) 


Id 

(A) 


60 


0.014 


602 



TO-220AB 




1 GATE 

2 DRAIN (Connected to TAB) 

3 SOURCE 



TOP VIEW 



o 



oro 



1 2 3 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


b 


60 2 


A 


T c = 100°C 


50 


Pulsed Drain Current 3 


'dm 


240 


Avalanche Current 4 


'ar 


60 


Repetitive Avalanche Energy 


L = 0.1 mH 


Ear 


180 


mJ 


Power Dissipation 


T c = 25°C 


Pd 


150 


W 


T c = 100°C 


75 


Operating Junction & Storage Temperature Range 


T J. T stg 


-55 to 175 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 



THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


RthJC 




1.0 


K/W 


Junction-to-Ambient 


R thJA 




80 


Case-to-Sink 


RthCS 


1.0 





1 Applies to datecode 91 18 and higher. 
2 Package limited. 

3 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 
4 Duty cycle < 1%. 
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ELECTRICAL CHARACTERISTICS (Tj = 25 °C Unless Otherwise Noted) 










LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V(BR)DSS 


Vgs = V, l D = 250 u.A 




60 




V 


Gate Threshold Voltage 


V G S(th) 


Vds = V G s. Id = 1 mA 


3.0 


2.0 


4.0 




Gate-Body Leakage 


•gss 


V DS = OVVqs = ±20 V 






±500 


nA 






V DS = 0.8 x V (BR)D ss. V GS = V 






25 




Zero Gate Voltage Drain Current 


loss 


V DS = 0.8 x V (BR)DS s, V GS = V, Tj = 125°C 






250 


U.A 






V DS = 0.8 x V (BR)D ss. V GS = V. Tj = 175°C 






500 




On-State Drain Current 1 


ta(ON) 


V DS = 10V,V GS = 10 V 




60 




A 






V GS = 10 V l D = 30 A 


0.012 




0.014 




Drain-Source On-State Resistance 1 


r DS(ON) 


V GS = 10 V, l D = 30 A. Tj = 125°C 


0.020 




0.023 


n 






V GS = 10 V, l D = 30 A, Tj = 175°C 


0.025 




0.028 




Forward Transconductance 1 


9fs 


V DS = 15 V I D = 30 A 


48 


30 




S 


DYNAMIC 


Input Capacitance 


C|ss 




3450 








Output Capacitance 




V GS = V V DS = 25 V, f = 1 MHz 


1000 






PF 


Reverse Transfer Capacitance 


c res 




230 








Total Gate Charge 2 


Qg 




95 




130 




Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (BR)DS s. V GS = 10 V l D = 60 A 


20 






nC 


Gate-Drain Charge 2 


Qgd 




45 








Turn-On Delay Time 2 


td(on) 




15 




30 




Rise Time 2 


tr 


V DD = 30 V, R L = 0.47 fl 


130 




180 


ns 


Turn-Off Delay Time 2 


td(off) 


l D 60 A, V GEN = 10 V. R G = 2.5 n 


50 




100 




Fall Time 2 


tf 




20 




50 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








60 


A 


Pulsed Current 3 


'SM 








240 




Forward Voltage 1 


V SD 


If = Is. V GS = V 


1.0 




1.8 


V 


Reverse Recovery Time 


V 




130 




200 


ns 


Peak Reverse Recovery Current 


Irm(rec) 


l F = l s .dl F /dt = 100A/U.S 


9 






A 


Reverse Recovery Charge 


Qrr 




0.6 






U.C 



1 Pulse test: Pulse Width < 300 u,sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1. Output Characteristics 



Figure 2. Transfer Characteristics 
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Rev. C (4/1/91) - Applies to datecode 9118 and higher 
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Siliconix 

incorporated 



TYPICAL CHARACTERISTICS (Cont'd) 
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Figure 7. On-Resistance vs. Junction Temperature 
2.4 



Figure 8. Source-Drain Diode Forward Voltage 
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THERMAL RATINGS 



Figure 9. Maximum Avalanche and Drain 
Current vs. Case Temperature 



Figure 10. Safe Operating Area 
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Figure 1 1 . Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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Rev. C (4/1/91) - Applies to datecode 9118 and higher 



'!i£»as SMP60N06-18 



N-Channel Enhancement Mode Transistor 
175°C Maximum Junction Temperature 1 
18 milli ohm rog^oN) 



PRODUCT SUMMARY 



V (BR)DSS 
(V) 


''DS(ON) 

(fl) 


Id 
(A) 


60 


0.018 


60 



TO-220AB TOP VIEW 



o 




1 GATE 

2 DRAIN (Connected to TAB) 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


60 


A 


T c = 100°C 


41 


Pulsed Drain Current 2 


■dm 


240 


Avalanche Current 


'ar 


60 


Avalanche Energy 


L = 0.1 mH 


Eas 


180 


mJ 


Repetitive Avalanche Energy 3 


L = 0.05 mH 


Ear 


90 


Power Dissipation 


T c = 25°C 


Pd 


125 


W 


T c = 100°C 


62 


Operating Junction & Storage Temperature Range 


T J. T stg 


-55 to 175 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 



THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


P-thJC 




1.2 


K/W 


Junction-to-Ambient 


RthJA 




80 


Case-to-Sink 


R thCS 


1.0 





1 Applies to datecode 91 18 and higher. 

2 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 
3 Duty cycle < 1%. 
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ELECTRICAL CHARACTERISTICS (Tj = 25 °C Unless Otherwise Noted) 










LIMITS 




PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP 


MIN 


MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V (BR)DSS 


V GS = V, l D = 250 U.A 




60 




V 


Gate Threshold Voltage 


VGS(th) 


V DS = V GS , l D = 1 mA 




2.0 


4.0 




Gate-Body Leakage 


Igss 


V DS = OV V GS = ±20 V 






±500 


nA 






V DS = 0.8 x V ( br)dss. V GS = V 






25 




Zero Gate Voltage Drain Current 


tass 


V DS = 0.8 x V (BR)DSS . V GS = V, Tj = 125°C 






250 


u,A 






V DS = 0.8 x V (BR)DSS , V GS = V Tj = 175°C 






500 




On-State Drain Current 1 


b(ON) 


V DS = 10V,V GS = 10 V 




60 




A 






V GS = 10 V, l D = 30 A 


0.013 




0.018 




Drain-Source On-State Resistance 1 


r DS(ON) 


V GS = 10 V, l D = 30 A, Tj = 125°C 


0.023 




0.030 


n 






V GS = 10 V, l D = 30 A, Tj = 175°C 


0.026 




0.036 




Forward Transconductance 1 


9fs 


V DS = 15 V l D = 30 A 


45 






s 


DYNAMIC 


Input Capacitance 


Ciss 




2600 








Output Capacitance 


^oss 


V GS = V, V DS = 25 V f = 1 MHz 


800 






PF 


Reverse Transfer Capacitance 


Crss 




200 








Total Gate Charge 2 


Og 




85 




100 




Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (br) dss. V GS = 10 V. I d = 60 A 


15 




20 


nC 


Gate-Drain Charge 2 


Qgd 




35 




50 




Turn-On Delay Time 2 


td(on) 




15 




30 




Rise Time 2 


tr 


V DD = 30 V R L = 1 n 


20 




35 


ns 


Turn-Off Delay Time 2 


td(off) 


l D ea 30 A, V GEN = 10 V, R G = 2.5 £1 


50 




65 




Fall Time 2 


tf 




15 




30 




SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








60 


A ; 


Pulsed Current 3 


Ism 








240 




Forward Voltage 1 


V SD 


l F = l s , V GS - V 






2.0 


V 


Reverse Recovery Time 


V 




160 






ns 


Peak Reverse Recovery Current 


IRM(REC) 


l F = l s , dl F /dt = 100 A/u.s 


13 






A 


Reverse Recovery Charge 


Orr 




1.0 






u.C 



1 Pulse test: Pulse Width < 300 u,sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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SMP60N06-18 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1. Output Characteristics 



Figure 2. Transfer Characteristics 
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SMP60N06-18 



Siliconix 

incorporated 



TYPICAL CHARACTERISTICS (Cont'd) 



Figure 7. On-Resistance vs. Junction Temperature 

2.4 



Figure 8. Source-Drain Diode Forward Voltage 
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THERMAL RATINGS 



Figure 9. Maximum Avalanche and Drain 
Current vs. Case Temperature 



Figure 10. Safe Operating Area 
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Figure 1 1 . Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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B (4/1/91) - Applies to datecode 9118 and higher 
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SMW60N06-18 



N-Channel Enhancement Mode Transistor 
18 milli ohm rrjs(ON) 



TO-247 AD 



TOP VIEW 



PRODUCT SUMMARY 



V (BR)DSS 
(V) 


T DS(ON) 

(H) 


Id 
(A) 


60 


0.018 


60 





1 GATE 

2 DRAIN 1 2 3 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


V G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


60 


A 


T C = 100°C 


40 


Pulsed Drain Current 1 


'dm 


240 


Avalanche Current 


Iar 


60 


Avalanche Energy 


L = 0.1 mH 


Eas 


180 


mJ 


Repetitive Avalanche Energy 2 


L = 0.05 mH 


Ear 


90 


Power Dissipation 


T c = 25°C 


Pd 


105 


W 


T c = 100°C 


42 


Operating Junction & Storage Temperature Range 


Tj, T st g 


-55 to 150 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 


THERMAL RESISTANCE RATINGS 


THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


RthJC 




1.0 


K/W 


Junction-to-Ambient 


RthJA 




40 


Case-to-Sink 


RthCS 


0.35 





1 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 1 1). 
2 Duty cycle < 1%. 
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PARAMETER | SYMBOL 


TEST CONDITIONS 


| "Cliff 

TYP | MIN 


rru | 
MAX 


UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V (BR)DSS 


V GS = V, l D = 250 uA 




60 




V 


Gate Threshold Voltage 


V G S(th) 


Vds = V GS , l D = 1 mA 




2.0 


4.0 


Gate-Body Leakage 


Igss 


V DS = OV V GS - ±20 V 






±500 


nA 


Zero Gate Voltage Drain Current 


bss 


V DS = 0.8 x V (BR)DSS , V GS = V 






25 


uA 


Vqs = 0.8 x V (BR)DSS , V GS = OV.Tj = 125°C 






250 


On-State Drain Current 1 


ta(ON) 


V DS = 10 V, V GS = 10 V 




60 




A 


Drain-Source On-State Resistance 1 


r DS(ON) 


V GS - 10 V l D = 30 A 


0.013 




0.018 


n 


V GS = 10 V, l D = 30A,Tj = 125°C 


0.023 




0.030 


Forward Transconductance 1 


9ts 


V DS = 15 V, l D = 30 A 


45 


15 




s 


DYNAMIC 


Input Capacitance 


C|ss 




2600 






PF 


Output Capacitance 


C ss 


V GS = V, V DS = 25 V f = 1 MHz 


800 






Reverse Transfer Capacitance 


Crss 




200 






Total Gate Charge 2 


Og 


Vds = 0.5 x V (BR)DS s. V GS = 10 V l D = 60 A 


85 




100 


nC 


Gate-Source Charge 2 


Qgs 


15 




20 


Gate-Drain Charge 2 


Qgd 




35 




50 


Turn-On Delay Time 2 


td(on) 




15 




30 


ns 


Rise Time 2 


% 


V DD = 30 V, R L = 1 n 


20 




35 


Turn-Off Delay Time 2 


*d(off) 


l D 30 A, V GEN = 10 V, R G = 2.5 D. 


50 




65 


Fall Time 2 


tf 




15 




30 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








60 


A 


Pulsed Current 3 










240 


Forward Voltage 1 


V SD 


I F = l s , V GS = V 






2.0 


V 


Reverse Recovery Time 


trr 


l F = l s , dl F /dt = 100A/U.S 


160 






ns 


Peak Reverse Recovery Current 


IRM(REC) 


13 






A 


Reverse Recovery Charge 


Qrr 




1.0 









1 Pulse test: Pulse Width < 300 u.sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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SMW60N06-18 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1 . Output Characteristics 



Figure 2. Transfer Characteristics 
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Figure 3. Transconductance 
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Figure 4. On-Resistance 
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CX"Siliconix 

JL^ incorporated 



TYPICAL CHARACTERISTICS (Cont'd) 




THERMAL RATINGS 



Figure 9. Maximum Avalanche and Drain 
Current vs. Case Temperature 



Figure 10. Safe Operating Area 
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Figure 11. Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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incorporated 



SMW70N06-14 



N-Channel Enhancement Mode Transistor 



PRODUCT SUMMARY 



V(BR)DSS 
(V) 


r DS(ON) 

(A) 


Id 

(A) 


60 


0.014 


701 



TO-247 AD TOP VIEW 




1 GATE U U U 

2 DRAIN (Conneccted to TAB) 1 2 3 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C Unless Otherwise Noted) 



PARAMETERS/TEST CONDITIONS 


SYMBOL 


LIMITS 


UNITS 


Gate-Source Voltage 


v G s 


±20 


V 


Continuous Drain Current 


T c = 25°C 


Id 


701 


A 


T c = 100°C 


48 


Pulsed Drain Current 2 


■dm 


280 


Avalanche Current 3 


'ar 


70 


Repetitive Avalanche Energy 


L = 0.1 mH 


Ear 


245 


mJ 


Power Dissipation 


T c = 25 °C 


Pd 


150 


W 


T c = 100°C 


60 


Operating Junction & Storage Temperature Range 


T J. T stg 


-55 to 150 


°C 


Lead Temperature (Vie" from case for 10 sec.) 


T L 


300 



THERMAL RESISTANCE RATINGS 



THERMAL RESISTANCE 


SYMBOL 


TYPICAL 


MAXIMUM 


UNITS 


Junction-to-Case 


R thJC 




0.83 


K/W 


Junction-to-Ambient 


R thJA 




40 


Case-to-Sink 


RthCS 


0.35 





1 Package limited. 

2 Pulse width limited by maximum junction temperature (refer to transient thermal impedance data, Figure 11). 

3 Duty cycle < 1%. 
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* n ra ■ ■ m m m mm. ■ ■ ■ ■ — mm 

PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP J MIN 


- - ■ 
MAX | UNIT 


STATIC 


Drain-Source Breakdown Voltage 


V(BR)DSS 


V GS = V, l D = 250 U.A 




60 




V 


Gate Threshold Voltage 


V GS(th) 


Vds = V GS , l D = 1 mA 


3.0 


2.0 


4.0 


Gate-Body Leakage 


Igss 


V DS = V, Vqs = ±20 V 






+ 500 


nA 


Zero Gate Voltage Drain Current 


tass 


V DS = 0.8 x V (BR)DS s. V GS = V 






25 


u.A 


V DS = 0.8 x V (BR)DSS , V GS = V, Tj = 125°C 






250 


On-State Drain Current 1 


'd(ON) 


V DS = 10 V, V GS = 10 V 




80 




A 


Drain-Source On-State Resistance 1 


r DS(0N) 


V GS = 10V l D = 35A 


0.012 




0.014 


a 


V GS = 10 V l D = 35 A, Tj = 125°C 


0.020 




0.023 


Forward Transconductance 1 


9fs 


V DS = 15V b = 35A 


50 


30 




s 


DYNAMIC 


Input Capacitance 


C|ss 




3450 






PF 


Output Capacitance 


Coss 


V GS = V, V DS = 25 V f = 1 MHz 


1000 






Reverse Transfer Capacitance 


Crss 




230 






Total Gate Charge 2 


Qg 




95 




130 


nC 


Gate-Source Charge 2 


Qgs 


V DS = 0.5 x V (BR)D ss. V GS = 10 V, l D = 70 A 


22 






Gate-Drain Charge 2 


Qgd 




44 






Turn-On Delay Time 2 


td(on) 




15 




30 


ns 


Rise Time 2 


tr 


V DD = 30 V, R L = 0.39 n 


130 




180 


Turn-Off Delay Time 2 


td(off) 


l D ~ 70 A, V GEN = 10 V R G = 2.5 D. 


50 




100 


Fall Time 2 


«f 




20 




50 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS (T c = 25°C) 


Continuous Current 


Is 








70 


A 


Pulsed Current 3 










280 


Forward Voltage 1 


V SD 


l F = l s ,V GS = OV 


1.0 




1.8 


V 


Reverse Recovery Time 


trr 




130 




200 


ns 


Peak Reverse Recovery Current 


IRM(HEC) 


l F = l s , dl F /dt = 100A/U.S 


g 






A 


Reverse Recovery Charge 


Qrr 


0.6 






U.C 



1 Pulse test: Pulse Width < 300 u.sec, Duty Cycle < 2%. 

independent of operating temperature. 

3 Pulse width limited by maximum junction temperature. 
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SMW70N06-14 



TYPICAL CHARACTERISTICS (25 °C Unless Otherwise Specified) 



Figure 1 . Output Characteristics 



Figure 2. Transfer Characteristics 
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incorporated 



TYPICAL CHARACTERISTICS (Cont'd) 



Figure 7. On-Resistance vs. Junction Temperature 
2.00 



Figure 8. Source-Drain Diode Forward Voltage 




-50 -25 25 50 75 100 125 150 
Tj - JUNCTION TEMPERATURE (°C) 



z 
cc 

8 

UJ 

o 
cc 

8 



100 



10 





































































Tj 


= 150 






















Tj = 


25°C 

































































































































0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
V SD - SOURCE-TO-DRAIN VOLTAGE (V) 



THERMAL RATINGS 
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Figure 9. Maximum Avalanche and Drain 
Current vs.Case Temperature 
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Figure 10. Safe Operating Area 
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Figure 11. Normalized Effective Transient Thermal Impedance, Junction-to-Case 
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Siliconix SiMOS 2.5 Technology 



A proprietary state-of-the-art 
MOSFET design called SiMOS 2.5 
allows Siliconix to produce power 
MOSFETs with record-low on-resistance. 



The name, SiMOS 2.5, is derived 
from the fact that the design con- 
sists of 2.5 million MOSFET cells 
per square inch of silicon — thou- 
sands of these MOSFET cells are 
in parallel on each chip. To pack 
2.5 million MOSFET cells into a 
square inch of silicon, the physical 
size of each cell had to be made 
very small. Figure 1 shows a photo- 
graph of a die that was made using 
this technology. The individual 
cells are just visible as small 
squares on the die. 

The SMP60N06-14 and 
SMW70N06-14 feature a rated 
drain-source resistance (rDS(on)) 
of just 14 milliohms. While this 



Figure J. 



resistance can be split into three 
components — the channel resis- 
tance, the JFET region resistance, 
and the EPI resistance — fifty to 
sixty percent of the total on-resis- 
tance of a typical 60-V MOSFET is 
attributable to the channel resis- 
tance. The current path and the 
three components of the ros(on) are 
shown in Figure 2. 

SiMOS 2.5 was designed to re- 
duce the total resistance by reduc- 
ing the channel resistance. The use 
of many small cells in parallel maxi- 
mizes the total cell periphery on 
the MOSFET 
chip; therefore, 
channel resis- 



tance is dramatically reduced. The 
effect of density (or number of cells 
per square inch) on r D s(on) is shown 
in Figure 3. The high cell density 
used in SiMOS 2.5 gives a specific 
on-resistance (the resistance of a 
chip that is one centimeter by one 
centimeter) of 1.5 to 1.65 milliohms 
cm 2 at a 60-V drain-source rating. 
This low specific on-resistance al- 
lows Siliconix to manufacture a 
14-mfl chip small enough to fit in a 
TO-220 package. 

Breakdown voltage is another 
factor that affects the ros(on) of a 
MOSFET. Both the SMP60N06-14 
and SMW70N06-14 are rated at 
60 V. Figure 3 shows the reduction 
in ros(on) that could be obtained by 
manufacturing the parts to have 
50-V ratings — a technique used by 
some manufacturers to reduce 



Figure 2. Cross Section of MOSFET Cell 
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Figure 3. Cell Packing Density 
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Undamped Inductive Switching Waveform of a SMP60N06-14 



Figure 4. Current Plot 




2 4 6 8 10 

V DS - DRAIN-TO-SOURCE VOLTAGE (V) 

Figure 5. Output Characteristics of SMP60N06-14 



rDS(on) ratings. With Si- 
MOS 2.5 technology, a 
50-V version of the 
SMP60N06-14 would be 
rated at less than 12 mfl. 

While much has been 
made of the low on-resis- 
tance achieved by SLMOS 
2.5, the technology has pro- 
duced several other note- 
worthy advantages: rugged- 
ness, very high transconduc- 
tance, and low gate-charge x 
rDS(on) product. 

SLMOS 2.5, in fact, pro- 
duces devices that set new 
standards for ruggedness— 
the ability of a power MOS- 
FET to withstand high cur- 
rents in avalanche. Figure 4 
shows that an SMP60N06-14 
can sustain over 250 A of 
current in undamped induc- 
tive switching tests. 

SiMOS 2.5, through the 
use of a proprietary gate ox- 
ide process, also improves 
the transconductance of the 
MOSFET. This means that 
although ros(on) is rated at 
a gate-source voltage of 
10 V, the part is essentially 
fully on with a gate-source 
voltage of 7.5 V. With a 
gate-source voltage of 7.5 V, 
the part is capable of handl- 
ing nearly 200 A before 
reaching the saturation cur- 
rent, as is shown in 
Figure 5. At a more practi- 
cal current of, say, 50 A, the 
rDS(on) OWId) with a 
gate-source voltage of 7.5 V 
can be seen to be very close 
to the ros(on) wil h a gate- 
source voltage of 10 V. 
High transconductance of 
this kind is normally only 
found on so-called 
"logic-level" MOSFETs, 
and it is often accompanied 
by a reduced maximum 
gate-source voltage rating. 
SiMOS 2.5, however, ac- 
complishes high-transcon- 



ductance with a full ± 20-V gate- 
source voltage rating. 

The high cell density and 
proprietary gate oxide results in a 
very low gate charge x ros(on) prod- 
uct, particularly if a gate-source 
voltage of 7.5 V is used. The 
SMP60N06-14 has a typical 
rDS(on) x Qg product of 1.1 x 10~ 12 
coulomb ohms at a gate-source 
voltage of 10 V, and a product of 
0.8 x 10 12 coulomb ohm at a gate- 
source voltage of 7.5 V. This 
"figure of merit" is an indication of 
how much current the drive circuit 
will have to supply to charge and 
discharge the gate-source capaci- 
tance. The lower the product, the 
more simple the drive circuit will 
be. The low "normalized gate 
charge" produced by SiMOS 2.5 
technology overcomes the problems 
encountered in driving, say, several 
28-mfl devices in parallel. 

All SiMOS 2.5 die are manufac- 
tured in Siliconix' 6-inch wafer fab- 
rication facility in Santa Clara, Cali- 
fornia. This facility, specifically de- 
signed to make high density power 
MOSFETs and power integrated 
circuits, contains less than one par- 
ticle (0.2 Lim and larger) per cubic 
foot, a cleanliness standard that can 
only be maintained by a high level 
of automation to reduce handling 
of the wafers and minimize the 
number of personnel in the clean 
room area. □ 
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